Cation-promoted cyclic voltammetry of recombinant rat outer mitochondrial membrane cytochrome b5 at a gold electrode modified with beta-mercaptopropionic acid.
Reversible cyclic voltammetry of recombinant rat outer membrane (OM) cytochrome b5 was observed at a gold electrode modified with beta-mercaptopropionic acid. Electron transfer between the negative electrode surface and the negatively charged OM cytochrome b5 was promoted by the addition of divalent metal ions such as Mg2+ or Ca2+ and by the positively charged species poly-L-lysine. The titration of OM cytochrome b5 (0.1 mM) with poly-L-lysine resulted in a gradual positive shift of the E1/2 value which leveled off at +8 mV vs NHE when the poly-L-lysine:cytochrome b5 ratio reached a value of 2:1. Since the further addition of poly-L-lysine had no effect on the E1/2 value of the protein, it was concluded that a complex is formed in which two molecules of poly-L-lysine bind to each molecule of OM cytochrome b5. When the OM cytochrome b5-poly-L-lysine complex (0.1 mM) was titrated with Mg2+ or Ca2+ ions, the E1/2 value shifted gradually in the negative direction and leveled off at -40 mV vs NHE when the concentration of divalent ions reached 85 mM. When the voltammetric response of 0.1 mM cytochrome b5 was promoted by Mg2+ or Ca2+ ions, the minimum concentration of divalent cation necessary to produce a reversible voltammogram was 40 mM and the observed E1/2 was -46 mV vs NHE. On the other hand, only 0.2 mM [Cr(NH3)6]3+ was necessary to promote the reversible electrochemistry of 0.1 mM cytochrome b5. The half-wave potential observed under these conditions was -78 mV vs NHE. This indicates that there is a large dependence of the reduction potential of cytochromes b5 on the kind and concentration of multivalent ions in solution. A reduction potential of -102 mV vs NHE was obtained for OM cytochrome b5 (0.60 mM) by spectroelectrochemical titration in the presence of 0.4 mM [Ru(NH3)6]3+ and 1 mM methyl viologen, pH 7.0, mu = 0.1 M. This value is approximately 100 mV more negative than the reduction potentials reported for microsomal cytochromes b5 obtained from other sources under the same conditions. The binding interactions between OM cytochrome b5 and poly-L-lysine or Mg2+ ions were probed by investigating the isotropically shifted 1H NMR resonances arising from the heme in the OM cytochrome b5.(ABSTRACT TRUNCATED AT 400 WORDS)